INTRODUCTION
Mathematical modeling of reactive flow through porous media is of great practical importance in many physical, chemical, and biological applications. There is a need for deriving macroscopic laws for the processes in these geometrically complex media including flow, diffusion, convection, and chemical reactions. Homogenization is providing techniques to pass from microscopic models to macroscopic ones letting the proper scale parameter s in the System tend to zero. Formally, the macroscopic model équations can be obtained by multiple scale expansions and averaging. It is the « zero order » approximation of the original model system. The macroscopic description does not cause problems with solving, e.g., nonlinear partial differential équations in complex domains, However, one has to pay for this simplification by being forced to describe the local structure of the medium and to solve additional équations formulated with respect to microscopic variables in a Standard cell. For simplieity, it is assumed that the medium is composed periodically of standard cells of size s. Let us assume that such a cell is a cube which is split up into a solid part (for instance a bail) and a fluid part. We assume that we have Stokes flow of a fluid in the fluid part. Substances are diffusing and reacting in the fluid and in the solid part. They are transported by the flow in the fluid part.
The following examples for real applications should be kept in mind : 1) The solid part is a bail of a material which is porous itself. The substances are chemical species diffusing and reacting inside and outside of the balls. At the boundary of the balls there is a change of material properties, expressed by a jump of the coefficients in the équations and by -in gênerai -nonlinear transmission conditions. If there is no reaction taking place, one has the situation of a chromatograph used for the séparation of chemical substances. In case of a porous catalyst the reactions are important. They may also just take place on the surface of the balls, e.g., if the catalytic particles are concentrated on the surface of the solid part. 2) The solid parts are biological cells separated by a membrane from the fluid part. In this case the permeability of the membranes which are porous media themselves plays an important rôle. The fluid outside of biological cells is the extracellular fluid transporting nutriants, activators, and inhibitors for development of the cells. Again, in this case also processes on the cell surfaces and flow inside of the cells are of interest.
Homogenization leads to mathematical results, such as to a macroscopic limit of the microscopic System when the model parameter s (e.g., radius of the bail) tends to zero. In case of a model for a chromatograph, this limit proces s was also rigorously justified (see [36] ) and the validity of the model was experimentally tested (see [32] ). The results show that the model équations obtained by homogenization in the case of a periodic structure are describing the expérimental results very precisely, see also [33] . In this paper we consider a periodic structure, diffusion, transport and nonlinear reactions in the fluid part» diffusion and nonlinear reactions in the solid part. On the interface between the fluid and the solid part, we assume continuity of the flux and additional -in gênerai nonlinear -transmission conditions.
The case of reactions and diffusion on the surface of the solid part was studied in [19] and [20] . The formulation of the model équations and especially of the transmission conditions is kept rather gênerai in order to include important applications. The main mathematical work to be done consisted in solving the model équations of the micro-process and estimating the solutions in proper norms uniformly with respect to s. Then the convergence resuit of the microscopic solution towards a macroscopic solution is obtained. Hère, we have used the only recently developed notion of two-scale convergence coupled with monotonicity methods and eompensated compactness. The energy method and the div-curl-lemma are being used as standard arguments in this framework. It seems not to be known how one could obtain the new results without the concept of two-scale convergence. In our knowledge, this is the first time that convergence of the homogenization procedure is proved for problems whith nonlinear reactive terms and nonlinear transmission conditions. For a survey on homogenization applied to flow, diffusion, convection, and reactions in porous media see the papers [18] . Problems of related type were investigated in various papers. Two-phase flow was studied in [5] , [8] and [9] . Miscible displacement problems were studied in [27] [24] [1] [16] and [17] . General textbooks on the method of homogenization are [7] , [6] and [30] .
The important features of the micro-model (section 3) can be described as follows. In the fluid part 12 s there is a fluid flowing according to the Stokes équations (équations 1). The concentrations of the various chemical species in the fluid part O s and the solid part U 6 are vj and wj, resp. The variables vj satisfy équations with diffusive, convective and reactive terms in the fluid part f2 £ , whereas the variables wj satisfy équations with diffusive and reactive terms in the solid part II e (see équations 1). The transmission conditions on F e -the interface between the fluid and the solid part -are both the continuity of the normal mass flux and a second condition of special type. Hère we consider six different cases : conditions of 1) Dirichlet type, 2, 3), 4) Neumann type, and 5), 6) of Signorini type. In case 5), e.g., the transmission condition is s =£5 0 and q 5* 0 and sq = 0 where s = aj vj -wj is a weighted différence of the concentrations in the fluid and solid part, resp., and q = -ecj v B . Vwj is the mass flux in normal direction. It must be emphasized that the essential point in formulating the micro-model is the proper scaling. The only criterion for the proper choice of the scale parameter and its powers are measurements, calibration and validation of expérimental data. It turns out that the transmission conditions of the micro-model appear in almost the same form as boundary conditions of the local problems in the macro-model. Problems with some similarity to this one were described in [15] and [14] .
NOTATIONS AND ASSUMPTIONS

The Geometry of the Problem
First we define the geometry of the problem. We assume that the index set /= {1, ..., m} is given as the union / = J x U ... U J 6 of subsets /}, ..., / 6 . We shall also use positive constants Û, in the micro-model which later will assumed to have the value 1. Then the éléments K t j of the tensor K are defined as
Unknowns of the Micro-Model
It is well known that K is a symmetrie, positive definite matrix (see, e.g., [31] ).
Let [12] ). Here and in the following we use the abbreviations = f dy, \Y\ = f dy.
Jx JY
Furthermore, D is a symmetrie, positive definite matrix (see, e.g., [12] ). 
Function Spaces
We introducé the Hilbert spaces
We use the convex sets 
The Strong Formulation
Written in strong form, the problem is to find functions u\ v b \ and w e that satisfy the following System of équations. The flow :
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The reactive transport :
For simplicity of the proofs, and in order to avoid too many technical difficulties, we assume homogeneous Dirichlet boundary conditions for the concentrations, i.e. t^ D = 0. In this paper we are going to study the situation « U » in which y 3 = ƒ 4 = 0, i.e. we are primarily interested in the problem of unilatéral boundary conditions. The situation « N » in which J 5 = J 6 = 0 is used as a 
The Weak Formulation
together with the equality
where the convection term with u s has dropped, since u s is divergence free. In the situation « N » the set Jf £ is a linear space ; therefore instead of the inequality 2 we get the variational équation
4. THE MACRO-MODEL
The Strong Formulation
The strong form of the problem is to find functions ü, v, and w that satisfy the following system of équations. 
PROBLEM 3 : The global problem :
where the sink terms are defined in terms of the local problems : d t wj(t 9 x 9 y) = Cj A y Wj(t 9 x, y) + 0;(iv(r, x, y)), 
The Weak Formulation
b t vj + S p <Pj) Q + dj(D Wj, V<Pj)) Q + + <M.Vv j9 <pj) Q -\X\(fj(v\<Pj) Q ) = O ,(7)
EXISTENCE FOR THE MICRO-MODEL
Hère we treat only the situation « U », since the other cases are simpler. Without loss of generality, we can assume a } -, = 1. This can be easily achieved by renaming a } v-by v-; of course one has to redefine the nonlinear functions fj appropriately. We start by introducing the following linearized problem. Then the mapping ^ o J* c maps a bounded set in ^£ into a compact set in J^£, It remains to check that ^ o ^c is continuous. Let f^bea séquence vol. 28, n° 1, 1994 converging in ^f e to Ç and let
Then we can extract a subsequence y ' converging weakly in iP" and strongly in J^E to some c/r 1 7, where ^ = {yef £ : --^ e J4? £ \. Obviously y is a solution of probdt J lem 5 which is unique. Therefore, the whole séquence converges to y, and one has y = @ o ^c{(), Thus ^ o <F C is continuous. Now Schauder's fixed point theorem implies that ^ o !F C has at least one fixed point.
The estimâtes from theorem 3 ensure that the solution y does not depend on C 5= C o for some C o . Therefore, <$ ° fF also has at least one fixed point. Q.E.D. 
A PRIORI ESTIMATES
&) dr
We get immediately the estimâtes 14. Now we come to the situation « U ». From the équation in 4 (with t instead of T) we get 2 .
f'
From theorem 3 we know the estimâtes 11 from which we get the bounds 12. In order to prove estimâtes for the time derivatives of vj and wj, we consider the transmission conditions of cases 5 and 6 as limits bj -• oo of the cases 3 and 4. Since the estimâtes for these cases do not depend on bj, we get for case « U » also the estimâtes 14. Q.E.D.
Remark :
We have not investigated the question of uniqueness of the solutions v s and w e of the micro-model for case « U ». The estimâtes of proposition 5 apply only to those functions that can be obtained as limits bj -• oo of the corresponding problems in the situation « N ». Therefore, the convergence resuit of section 8 and 9 is applicable only to these solutions of the micro-model. Proof : This result is contained in [26] and [35] . An explicit formula for the extension of the pressure can be found in [23] . Q.E.D.
Let us note that the resuit of the previous proposition remains also valid for the case of Navier-Stokes équations with the convergence of the pressure taking place in some appropriate functional spaces ; for more details see [25] , For simplicity of the notations we are going to identify p* and p £ . 
for any zei" with some fxf which satisfies V/x 2 * = z.
Proof: This follows by standard arguments, see, e.g. [12] page 597 or [20] 
with some vj* and ^*, 5wc/z r^ar V . £ƒ z5 bounded in L 2 (Q).
Proof : This follows from proposition 5. Note that strong convergence in
) is a conséquence of proposition 5 and results from [34] . Q.E.D.
In order to prove the main convergence resuit of this paper, namely theorem 3, we use the notion of two-scale convergence which was introduced in [29] and developed further in [3] . The idea behind this concept was used in [4 In exactly the same way as before we get
0^ (* -v.p(wf-vj)dF(y).
Since p was arbitrary, we get vj* ^ w ; * on F for y' e / 5 . The case 7 e ƒ 6 is similar. Q.E.D. 
Nov/ we take the limits e -> 0 of the terms on the left hand side separately. We have (3,w;, cr/ + vj) R * -> (3,w y *, cr 7 + !>ƒ% (c Vw/, eV(cr/ + vf)) R < -, (V y w/, V/cr y . + u/)^ .
Let us détermine the limit of the term involving g r Firstly, the uniform L°° -bounds of (vj, wj\ proposition 8, and Lebesgue's dominated convergence theorem imply that the limit is the same, if we replace vj by fy*. Now, using the remark after lemma 3, we get Since z, <p ; , and a> were arbitrary, we get the resuit. Q.E.D.
Remark : This is the only place in this paper where we use the energy method ; also we point out that in gênerai V . gj ^ 0 =£ V . £,-. Proof : Once again, we suppose that -g is a monotone function. The gênerai case will be reduced to this special case in the same way as in the proof of proposition 12.
Let , <p y -ü/) G + (3 f w/ -^-(w*), < Q.E.D. Proof : The convergence of the subsequence towards (v, w) folio ws from theorem 3. Since according to theorem 2 the macro-problem 4 has a unique solution, we get convergence of the whole séquence. Q.E.D.
